Abstract
1
membrane potential and K current in enzymatically dispersed rat aorta myocytes. Results: The mean resting potential measured in current clamp mode using the permeabilized patch approach was 25465 mV (n58). Glibenclamide (10 mM) caused a reversible 24-mV 1 depolarization in these cells. In symmetrical K (135 mM) solution an inward glibenclamide-sensitive (10 mM) current (24.160.7 pA / pF; n55), hereafter termed I , was observed at a membrane potential of 280 mV when cells held at 260 mV were ramped from glib 280 to 180 mV. In the absence of any nucleotide in the pipette solution, I measured by the conventional whole-cell method was glib 223.6964.65 pA / pF (n59). With 1 and 3 mM ATP in the pipette, the average current density was 22566.3 pA / pF (n58), and 29.462.7 pA / pF (n59), respectively. In the absence of ATP, 1 mM GDP significantly (P,0.01) increased I (244.868.4 pA / pF; glib n513). Inclusion of 1 mM ATP in the GDP-containing pipette solution had no significant effect on the current amplitude (256.4610.7 1 pA / pF; n57). I fell to 211.062.9 pA / pF (n510) if 1 mM GDP and 3 mM ATP were present. In symmetrical K , the I observed glib glib in the presence of 1 mM ATP in the pipette was increased by more than two-fold in the presence of 10 mM levcromakalim. In PSS 1 containing 5 mM K , a significant glibenclamide-sensitive current was observed at 245 mV membrane potential when cells dialyzed with 1 mM ATP were ramped between 280 to 30 mV. Conclusion: These results demonstrate that I channels in rat aorta myocytes differ glib from classical K channels, being relatively insensitive to intracellular ATP. I therefore appears to have an important role in (Sigma) for 20 min, followed by incubation in low Ca PSS containing collagenase type I (1 mg / ml), collagenase type XI (1 mg / ml), papain (0.5 mg / ml) and dithiolthreitol (1.1 mM) for a further 20 min. Tissues were washed in 21 enzyme-free low Ca PSS, triturated to disperse cells, and 21 then stored in low Ca PSS at 48C for use within 5-6 h. Whole-cell membrane currents were recorded using either nystatin-perforated mode [4] or standard patch clamp techniques as described elsewhere [5] . Membrane currents were typically recorded during voltage 'ramps', in which the pipette potential was increased linearly from 280 to 130 or 180 mM over a period of 1 s; ramps were imposed at 0.1 Hz. The membrane potential was determined using the perforated patch technique in the current clamp mode. PSS contained (mM) NaCl, 130; KCl, 5.0; MgCl , 1.2; CaCl ,1.5; HEPES, 10; glucose,10. The trations of intracellular nucleotides, we further examined their regulation by ATP and the nucleotide diphosphate (NDP) GDP, as the actions of this NDP have previously been widely characterized in vascular myocytes [3, 6] . One important characteristic of I , as previously glib described [7] , is its sensitivity to block by intracellular ATP. However, the current tracings shown in Fig. 3A demonstrate that a large I was also present when the glib cells were dialyzed with a solution containing 1 mM ATP (with no other nucleotide). The time-course of the wholecell current recorded at 280 mV is illustrated in Fig. 3B . Glibenclamide 1 mM was as potent as 10 mM in blocking the I (data not shown), although we routinely used the glib higher concentration because it caused a more rapid effect. Fig. 3C shows the current-voltage relationship of the whole-cell current recorded with 1 mM GDP (no ATP) in the pipette. The current tracings show that the large inward current which developed when [K] was raised to 135 bath 1 mM K was almost abolished by 10 mM glibenclamide, thereby confirming that the current was mediated by 1 glibenclamide-sensitive K -channels. Fig. 3D depicts the reversible effect of glibenclamide on the whole-cell current at 280 mV. As described above, recovery from glibenclamide block was delayed. K . When the superfusing medium was changed to Cathat with 1 mM GDP, alone, but was larger than the current the K E to 0 mV and suppress any Ca -activated K amplitude in the presence of 1 mM GDP and 3 mM ATP rev current, an inward current of about 250 pA could be was similar to that observed when the pipette solution observed. Glibenclamide (10 mM) profoundly inhibited contained only 3 mM ATP. this current, which then recovered completely following I showed complete (9965%; n54) recovery from glib wash, after a delay similar to that observed for the block by 10 mM glibenclamide when 1 mM ATP was membrane potential. rundown which had occurred during exposure to glibencells held at 260 mV were stepped to test potentials clamide and the prolonged recovery period, since separate between 270 to 50 mV (300 ms at 0.1 Hz) in PSS experiments where glibenclamide was only applied after containing 2 mM TEA. The pipette contained 5 mM ATP many minutes showed that a progressive slow rundown and the other constituents were the same as described occurred with no ATP present, but not in the presence of 1 earlier for the pipette solution for the conventional wholemM ATP (not shown).
cell recording. This current was insensitive to 10 mM Fig. 5(A,B) and 80 mV in symmetrical K solution (Fig. 5C,D) . resting current measured in perforated patch mode. These [ATP] was raised from 0 to 1.0 mM, although the current then ran down progressively in the absence of nucleotide. When 3 mM ATP was used in the pipette, there was an approximately 60% diminution of I . In comparison, Xu glib and Lee [13] observed that the IC of ATP on the 50 glibenclamide-sensitive current was 350 mM in canine coronary artery smooth muscle cells I in rat aorta was stimulated by 1 mM GDP, which is glib consistent with the ability of this nucleotide to cause K ATP channel activation in other vascular smooth muscle cells [6, 11, 14] . This stimulation was similar in both the absence of ATP, and in the presence of 1 mM ATP, but did not occur in the presence of 3 mM ATP.
Recently, Zhang and Bolton [3] described two types of We report here a K current in rat aorta myocytes that these authors did not report the occurrence of the K NDP was sensitive to glibenclamide but was quite insensitive to current under basal conditions. 1 intracellular ATP. The activation of this current at physio-A glibenclamide-sensitive but ATP-insensitive K chanlogical levels of intracellular nucleotides was evident from nel has recently been demonstrated in HEK293T cells a significant resting current (sensitive to 10 mM glibencotransfected with SUR2B and Kir6.1 subunits [15] . As clamide), measured using the nystatin technique. The reviewed by these authors, Kir6.1 is ubiquitously exobservation of a significant I in non-dialyzed rat aorta pressed in rat tissues, including smooth muscles, while glib 1 cells indicates that this K current may play an important SUR2B is expressed in vascular smooth muscle cells. This 1 role in maintaining resting K conductance. This was channel appears therefore to resemble the MK channel, and further substantiated by the finding that glibenclamide has properties similar to those of I in the rat aorta.
glib caused a reversible 24 mV membrane depolarization from In conclusion, this work makes two novel and comthe resting level of about 255 mV. This observation in plementary observations. The first is that the membrane single cells is consistent with the membrane depolarizing potential in rat aorta depends strongly on glibenclamide-1 action of glibenclamide in intact rat aorta [12] . A high sensitive K channels. The second observation, which is concentration of glibenclamide (e.g. .100 mM) has been predicted by the first, is that I in these cells is relatively glib 1 reported to inhibit delayed rectifier K currents in rabbit insensitive to ATP, which at ,1 mM is effective in portal vein [16] . However, the lack of effect of 10 mM blocking K channels in a variety of other tissues [7] .
ATP glibenclamide on the I in rat aorta myocytes suggests The steep inhibition of I between ATP concentrations of kv glib that the membrane depolarizing action of this drug is due 1 and 3 mM, which is especially prominent when GDP is to selective inhibition of I . present, suggests that in blood vessels where these changlib To determine whether the I channels in rat aorta nels are present, they might play a role, not only in glib differed from classical K channels with respect to maintaining the resting membrane potential under physio-ATP sensitivity to intracellular ATP, we used conventional logical conditions, but also of controlling vascular tone whole-cell recording with various pipette concentrations of during metabolic stress associated with relatively small ATP. The amplitude of I was similar when pipette changes in intracellular nucleotides. 
